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1 $m$ Durand-Kemer ([2], [3])












$P(x)$ (1) 1 $P(x)=0$
$P(x)=c_{n}x^{n}+\cdots+c_{m+1}x^{m+1}+x^{m}+\epsilon_{m^{-1}}x^{m-1}+\cdots+\epsilon_{0}$, $c_{n}\neq 0$ . (1)
. $\epsilon_{j}(j=0, \ldots, m-1)$ $c_{j}$ $(j=m+1, \ldots,n)$ $P(x)=0$
$m$
“ ” ( )
( [8] )






$\max\{|c_{n}|, \cdots, |c_{m+1}|\}=1$ ,
$e= \max\{\sqrt[1]{|\epsilon_{m-1}|}, \sqrt[2]{|\epsilon_{m-2}|}, \ldots,\sqrt[m]{|\epsilon_{0}|}\}\ll 1$ .
(2)
$P(x)=0$ $n$ $\zeta_{1},$ $\ldots,$ $\zeta_{n}$
$|\zeta_{1}|\leq\cdots\leq|\zeta_{m}|<|\zeta_{m+1}|\leq\cdots\leq|\zeta_{n}|$ . (3)
$e\leq 1/9$ $|\zeta_{m}|$ $|\zeta_{m+1}|$
$| \zeta_{m}|<\frac{1+3e}{4}$ $| \zeta_{m+1}|>\frac{1+3e}{4}$ (4)
$| \zeta_{m}|<2e\cdot[\frac{1}{1+3e}+\frac{16e}{(1+3e)^{3}}]$ , $| \zeta_{m+1}|>\frac{1}{2}[1-\frac{e(1-9e)}{1+3e}-\frac{64e^{2}}{(1+3e)^{3}}]$ . (5)
2.2 1




$F(x)=0$ $\alpha_{1},$ $\ldots,$ $\alpha_{m}$
$F(x)=0$ 1
1( )
[Step 1] $F(x)=0$ , $\alpha_{1},$ $\ldots,\alpha_{n}$ $\overline{\alpha}_{1},$ $\ldots,\overline{\alpha}_{n}$
$\overline{\alpha}_{1},$ $\ldots,\overline{\alpha}_{n}$ ( Smith [7]
) $\overline{\alpha}_{1},$ $\ldots,\overline{\alpha}_{m}$ $m$ $\overline{\alpha}=(\overline{\alpha}_{1}+\cdots+$
$\overline{\alpha}_{m})/m$
[Step 2] $F(x)$ (7) $\overline{F}(x)$
$\overline{F}(x)=F(x+\overline{\alpha})=x^{n}+\cdots+\overline{a}_{m}x^{m}+\overline{a}_{m-1}x^{m-1}+\cdots+\overline{a}_{0}$ . (7)
$\overline{F}(x)=0$ $m$ $\overline{F}(x)$ $m-1$
[Step 3] $\overline{F}(x)=0$ 1 $\beta$




Step 3 $\overline{F}(x)$ (1) 1
$\overline{F}(x)$ (1)
[Step $3\mathrm{a}$] $\overline{F}(x)$ $1/\overline{a}_{m}$ $\hat{F}(x)$
$\hat{F}(x)=(1/\overline{a}_{m})\overline{F}(x)=\hat{a}_{n}x^{n}+\cdots+\hat{a}_{m+1}x^{m+1}+x^{m}+\hat{a}_{m-1}x^{m-1}+\cdots+\hat{a}_{0}$. (8)
[Step $3\mathrm{b}$] $\text{\^{a}}=\max\{ \sqrt[\mathfrak{n}-m]{|\hat{a}_{n}|}, \ldots, \sqrt[1]{|\hat{a}_{m+1}|}\}$







[Step $3\mathrm{d}$] $\tilde{F}(x)=0$ 1 $\tilde{\beta}$








$m_{1}+\cdots+m_{k}=n$ , $1\leq m_{j}\leq n$ .
$\alpha j,1,$ $\ldots,$
$\alpha j,m_{\mathrm{j}}(j=1, \ldots, k)$ $(m_{j}=1)$ $mj$
$F(x)$ $k$ / /
$mj$ 1
1 $e$ $1^{\backslash }$ $e\leq 1/9$
1 $e$ $\backslash ^{\backslash }$ $e\leq 1/9$
$\alpha j,1,$ $\ldots,\alpha j,m_{j}$ o. $\alpha j,1,$ $\ldots,\alpha j,m_{j}$
1. $F(x)$ $\alpha_{j,1},$ $\ldots,\alpha_{j,m_{\mathrm{j}}}$ $\overline{F}_{j}(x)$








$F(X)$ $\alpha j,1,$ $\ldots,$ $\alpha j,m_{j}$ $F_{j}(X)=$
$(x-\alpha j,1)\cdots(x-\alpha j,m_{j})$ $\alpha j,1,$ $\ldots,\alpha j,m_{j}$
$\overline{\alpha}j,1,$ $\ldots,\overline{\alpha}j,m_{j}$
$\mathrm{m}\sqrt{\epsilon_{M}}$ ( $\epsilon_{M}$ ) $(x-$
$\overline{\alpha}j,1)\cdots$ (x-\mbox{\boldmath $\alpha$}-j,mj)& $F_{j}(X)$ $F_{j}(X)$ “
$\overline{F}_{j}(X)$
[4] $F$ ,
$G,$ $H$ 1 $G$ $H$ $F=GH$
$G$ $H$ $G,$ $H$ “ ” $F$ $G_{j},$ $H_{j}$
$G,$ $H$ “ ” $F$ $Gj+1,$ $Hj+1$
( [4] )
2( : $G_{j},$ $H_{j}$ $G_{j+1},$ $H_{j+1}$ )
$lc(F)=lc(Gj)=l\mathrm{c}(Hj)=1$ ( $lc(F)$ $F$ )
[Step 1] $\Delta_{j}=F-G{}_{jj}H$




$\deg(Aj)<\mathrm{d}e\mathrm{g}(Hj)$ , $\deg(Bj)<\deg(Gj)$ .
(11)
[Step 3] $U_{j}=\mathrm{r}\mathrm{e}\mathrm{m}(\Delta_{j}B_{j},G_{j}),$ $V_{j}=\mathrm{r}\mathrm{e}\mathrm{m}(\Delta_{j}A_{j}, H_{j})$ $(\mathrm{r}\mathrm{e}\mathrm{m}(\Delta_{j}B_{j}, G_{j})$ $\Delta_{j}B_{j}$ $G_{j}$
)
[Step 4] $G_{j+1}=Gj+U{}_{j,j+1}H=Hj+V_{j}$ I
[4] $G,$ $H$ Go, $H_{0}$ $G$ $H$
$G_{0}$ , $H_{0}$ 2 $G_{j},$ $H_{j}$
$G,$ $H$ 2
[4] $(\deg(F)=30, \deg(G)=10,$ $\deg(H)=$
$20$ ) $G$ $H$
2 $G_{j+1},$ $H_{j+1}$
$G_{j+1},$ $H_{j+1}$ 2 Step 2 3
( ) $U_{j},$ $V_{j}$
( .
[10] ) 1
( Pan 1 GCD





















$\{$\{\begin{array}{l}v_{n-k-1}v_{n-k-2}\vdots v_{0}u_{k-1}u_{k-2}\vdots u_{0}\end{array}\}=\{\begin{array}{l}\delta_{n-1}\vdots\delta_{0}\end{array}\}$ . (13)
2 Step 2 3
[Step 2’] $G{}_{j,j}H,$ $Uj,$ $Vj,$ $\Delta j$ 1 $U_{j}$ $V_{j}$
$U_{j},$ $V_{j}$ 1
NSL (Nara Standard Lisp, SPARC )
GAL (General Algebraic $\mathrm{L}\mathrm{a}\mathrm{n}\mathrm{g}\mathrm{u}\mathrm{a}\mathrm{g}\mathrm{e}/\mathrm{L}\mathrm{a}\mathrm{b}\mathrm{o}\mathrm{r}\mathrm{a}\mathrm{t}\mathrm{o}\mathrm{r}\mathrm{y}$ )
Step 2’ CLAPACK 30[1]
$\deg(F)=30,$ $\deg(G)=10,$ $\deg(H)=20$
( $\Delta_{j}$ ) $10^{-3}$
$10^{-16}$ ( $\epsilon_{M}$ )
$F(x)$ $\alpha j,1,$ $\ldots,$ $\alpha j,m_{\mathrm{j}}$ $F_{j}(x)$ $\overline{F}_{j}(x)$
3( $\overline{F}_{j}(x)$ )
[Step 1] $G_{0}(x)$ , $H_{0}(x)$
$G_{0}(x)=(x-\overline{\alpha}_{j,1})\cdots(x-\overline{\alpha}_{j,m_{\mathrm{j}}})$ , $H_{0}(x)= \prod_{i=1,\neq j}^{k}(x-\overline{\alpha}:,1)\cdots(x-\overline{\alpha}:,m:)$. (14)
[Step 2] $F(x)$ Go(x), $H_{0}(x)$ 2
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